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The “computer” is the interface between people and
their world; it increasingly affects how we interact
with our world, just like the structures we live and
work in affect how (well) we interact with our world.

= Advances in CS have the potential to change
how we live, work, and interact with others!

Form and Function

Plenty of tradeoffs!
- Cost
- Aesthetics
- Energy efficiency

Architects of a New World @?\L
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‘Computer Science.

“CS is faced with scientific challenges that rival
any in history, yet are relevant to practical
problems of today.” - Jim Morris, Business Week'04

The results from even the most esoteric CS research projects
have widespread practical and economic impact
® On-line banking is possible thanks to advances in Cryptography

® Google is possible thanks to advances in distributed systems,
networking, and algorithms

® Xbox/animation are possible thanks to advances in Graphics and HPC

@ Pods are possible thanks to advances in coding, compression, and DB
indexing
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Novel ways to design the Internet (and Web)

® Make it faster, predictable, resilient to failures and
attacks, cheaper, and accessible anywhere

Develop approaches for software certification

® You should be able to sue programmers if their software
crashes your computer!

Novel ways to embed cyberspace in our world

® Ubiquitous networked sensors and devices that radically
change how we live, work, drive, deliver healthcare, ...
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CS/MA 109: The Arts and Science of
Quantitative Reasoning
® A novel approach to teaching mathematics, statistics,
and computer science (MCS)
® Team-taught lectures and small discussion groups,
emphasizing the relevance of MCS in everyday'’s life

® Capstone project that allows the student to investigate
basic MCS concepts to a problem of choice
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CS350: A Nationally Unique Class on the

Fundamentals of Computing System Design

@ | teach the design concepts that transcend
technology churn

® | teach just enough technology to allow students to
apply these concepts in different contexts

® | use analogies to bring the concepts | teach to life,
and to relate them to student real-world experiences

@ | bring research to the classroom to show students
that the fundamentals they learn are timeless
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Service Rate = p = 1/Ts = 100 Hz

90 Hz
/

\ ./

Arrival Rate = A
\

How much space to use for a queue?
How long would it take to go through the line?

Single-Server Queue &,

it
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Architects of a New World, Azer Bestavros, Spring 2008

‘Computer Scionce

Requests are generated Dispatching
(e.g. through a Poisson discipline
process with rate &) (e.g. FCFS)

Service time (e.g.
exponentially distributed
with max rate p=1/Ts)

Architects of a New World, Azer Bes




Queuing Analysis 7%
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System; i.e., mean of a Geometric Distribution

q = E[# of customers]

Queues Build Up Fast!
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N e q=0*Pr(S,) +1*Pr(S,) +2*Pr(S,) + ...
o q=(p+2p?+3p>+4p*+ ... )" (1-p)
S, is a special case!
2h Pr(S,) = uh Pr(S,) q= P
Pr(S,) = p Pr(S,) (1-p)
One Queue or N Queues? % One Queue or Two Queues? %
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As in Supermarkets, Toll-boths, ... As in Airport check-in, Bank tellers...

How are these two designs different?
What are the tradeoffs?

octs of a New World, Azer Bestavros, Spring 2008
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But Who To Serve Next? -~
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® First-Come-First-Serve
® Shortest-Job-First
® Round-Robin

Approach depends on nature of service
® CPU scheduling
@ Disk scheduling
® Real-Time scheduling

And Watch for Dependencies
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The Dining Philosophers Problem
@ 5 philosophers who only eat and think X
® Each need to use 2 chopsticks to eat &
® But we only have only 5 chopsticks
® Write a program describing what a

philosopher should do to eat...

Philosopher ~ Program
Chopstick ~ Resource

The Dining Philosophers R

<

Philosopher Pi:
repeat

THINK;

wait(right chopstick) ;
wait(left chopstick);
EAT;

release (right chopstick) ;
release (left chopstick) ;
forever

A Demo

Architects of a New Wo

And Watch for Dependencies #*

Classical Synchronization Problem

@ |llustrates the difficulty of allocatin 4
oy Qe
resources among process without VO {

deadlock and starvation

The Dining Philosophers &
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How do we ensure a deadlock-free solution?
@ Allow one philosopher to eat at a time

Could we allow more “concurrency”?
@ Up to 4 philosophers could safely co-exist!

Could we devise methodical approaches to
solve such problems?

octs of
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Nothing rivals the satisfaction from knowing
that what | teach makes a real difference in a
student’s life — way beyond the CS degree...

“I will never think about McDonald’s and Burger King the same way |
did before taking your class!”

“The basic queuing analysis and simulation techniques | learned in
CS-350 were invaluable in my work on the Disney’s Fastpass
service, which is now being rolled out at Disney parks”

Overview of CS@BU by Azer Bestavros, Fall 2005
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What Difference Does It Make? What Difference Does It Make?  # Payoff of a CS Education F
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Computer Science
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The 2005 index published on e Chronicle of Higher Edcafian's wel site raviks Conmputer Science i B
‘on Taculty Scholarly Produstivity Index. which among other thigs considers pblications. citations. and grants data vollected trom
various public databascs and government agencies. Lhe Faculty Scholirly Productisity Index by Academic Analytics. ranks 7,194
individual doctotal programs in 104 disciplines at 351 instinitions. Computer Science is one of § GU departments that rauked i the
Tom 10 in their diseiplines amang their peers.

“Ihe table below shaws the top-10-rauked CS progeams for 2005, along with size of faculry au statistics about publications and

citalions.

L R ewes nase  cme s coan MU Mmed e g

iy Foruty - ot Ganel Fwngl P!

s b PSRy Radss Feds Pas SORR BERD TR T
e W om we e Y
P [ 2 27
5 comety W om e O mom e
& comeneveseny o wm s A
T Sl Tambe 18 B 7% = = =

@ . o s o am

Saurce: b
chitects of a New W s, Spring 2008

Overview of CS@BU by Azer Bestavros, Fall 2005




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /ENU (Use these settings to create PDF documents with higher image resolution for high quality pre-press printing. The PDF documents can be opened with Acrobat and Reader 5.0 and later. These settings require font embedding.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308030d730ea30d730ec30b9537052377528306e00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /FRA <>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


